Regulation of transcription of the glnALG operon of Escherichia coli by protein phosphorylation.
The transcription of glnA, the structural gene for glutamine synthetase in enteric bacteria, is regulated by the phosphorylation and dephosphorylation of an effector protein, NRI. In its phosphorylated form the effector activates the initiation of transcription at promoters specific of sigma 54, rather than the abundant sigma 70. The ability of NRI-phosphate to stimulate the formation of open promoter-sigma 54 RNA polymerase complexes is enhanced by specific binding sites, located in the case of glnA 100 and 130 base pairs upstream from the transcriptional start site. These sites can be moved more than 1000 base pairs upstream or downstream without losing their effectiveness. The phosphorylation and dephosphorylation of NRI-NRI-phosphate is catalyzed by the modulator protein NRII. Its activity is controlled by an intracellular signal, the ratio of glutamine to 2-ketoglutarate, which is generated by glutamine synthetase in response to the environmental stimulus, the availability or lack of ammonia. The signal is transduced to the modulator by means of 2 additional proteins: uridylytransferase and PII.